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ABSTRACT 
Objectives: The aim of this study is to examine the association between food insecurity and 
untreated dental caries among U.S. children and adults and to investigate the effect of participating 
in the Supplemental Nutrition Assistance Program (SNAP) on dental caries among U.S. adults. 
Methods: Our sample was derived from the National Health and Nutrition Examination Survey 
(NHANES) cycles 2011-2012 and 2013-2014. Food security was measured as overall food 
security status (full food secure/ food insecure) and household-level food security (full, marginal, 
low, and very low). SNAP participation in the past 12 months was self-reported (yes/ no). The 
main outcome variable was untreated dental caries (none vs. one or more). Descriptive, Bivariate 
and multiple logistic regression analyses were conducted to evaluate the relationship among food 
insecurity, SNAP participation, and untreated caries.  
Results: Our results suggest that food insecure children were more likely to have untreated caries 
compared to full food secure counterparts, after controlling for potential confounders (OR: 1.38; 
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95% CI: 1.11-1.72).  On household-level food security, children from marginal and very low food 
secure households had significantly higher odds of untreated caries compared to children from 
fully food secure households (OR: 1.48; 95% CI: 1.10-2.01 and OR: 1.59; 95% CI: 1.12-2.26 
respectively). Moreover, our findings suggest significant association between overall food security 
status and dental caries among U.S. adults (OR: 1.35, 95% CI: 1.05-1.74). We also observed a 
significant association between the severity of household food insecurity and untreated caries 
among adults after adjusting for confounders (P=0.04). SNAP participants were more likely to 
have untreated caries compared to non-SNAP participants (OR: 1.5; 95% CI: 1.19-1.87). The 
interaction of food insecurity and SNAP participation was not significant. However, SNAP 
participants from all levels of food security had higher prevalence ratio of dental caries compared 
to non-SNAP participants, regardless of food security status. 
Conclusion: Food insecurity was negatively associated with dental caries among U.S. children 
and adults. In addition, SNAP participation had adverse association with dental caries among U.S. 
adults. Further research is needed to more comprehensively understand the impact of food 
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Oral health is integral to overall health. Despite efforts to reduce dental caries prevalence, 
it remains a major public health concern. One of the national public health goals is to reduce the 
proportion of tooth decay among children and adults (Oral Health | Healthy People 2020). Dental 
caries is a multifactorial disease. The conceptual model by Fisher et al. encompasses three levels 
that influence oral health which are the child, family, and environment levels. The model is based 
on five main domains that determine oral health: genetic and biological factors, the social 
environment, the physical environment, health behaviors, and dental and medical care (Fisher-
Owens et al., 2007). Sufficient availability and accessibility of nutritious food at all times, is a 
situation that is referred to as food security, is considered to be one of the important social factors 
that affect oral health. 
Food security definition & prevalence 
The State of Food Security and Nutrition in the World has set an aim by the 2030 Agenda 
for Sustainable Development. The second Sustainable Development Goal (SDG 2) is to “end 
hunger, achieve food security (FS) and improve nutrition and promote sustainable agriculture” 
(United Nations, 2015). 
Within this context, food insecurity (FI), hunger, undernutrition, and nutrition insecurity 
are overlapping perceptions (Jones et al., 2013). According to the 1996 World Food Summit, the 
most common definition of food security is “all people, at all times, have physical and economic 
access to sufficient, safe and nutritious food to meet their dietary needs and food preferences for 
an active and healthy life” (FAO, 1996). The American Institute of Nutrition defined hunger as 
“The uneasy or painful sensation caused by a lack of food. The recurrent and involuntary lack of 
access to food” which refer to food deprivation. Because there are other reason of FI, such as poor 
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consumption of micro-nutrient, while all hungry people are food insecure, not all food insecure 
are hungry (Anderson, 1990; FAO, 2008). 
Nutrition security has a broader definition than food security: “A situation that exists when secure 
access to an appropriately nutritious diet is coupled with a sanitary environment, adequate health 
services and care, in order to ensure a healthy and active life for all household members’. 
However, undernourishment is a state “when caloric intake is below the minimum dietary energy 
requirement”; which is considered as “an extreme form of food insecurity” ( FAO, WFP, and 
IFAD, 2012). 
After years of decline, global hunger appears to have increased again. In 2015, the 
estimated number of malnourished individuals was more than 700 million and it increased to 
815 million in 2016 (WHO, 2017).  Food insecurity was greater among women compared to men, 
both globally and in every region (WHO, 2017). In U.S., there were more than 41 million food 
insecure households in 2016. Of those, more than 10 million adults and more than 6 million 
children lived in very low food secure households (Alisha Coleman-Jense et al., 2017) . 
To fully understand food security and the contributing factors to individuals’ nutrition 
security, a multi-level analysis is required on international, national, local households and 
individual levels (Pérez-Escamilla and Segall-Corrêa 2008). 
Food insecurity is classified into three types according to its duration (FAO, 2008): 
1- Chronic food insecurity: is the incapability to meet the minimum food requirement over a 
long or persistent period of time; which could have resulted from sustained poverty, 
deficiency of assets, and limited accessibility of financial resources. 
2- Transitory food insecurity: is the sudden decline in producing or accessing enough food in 
order to keep a good nutritional status; which could have resulted from temporary changes 
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in food availability and accessibility including yearly differences in local food production 
and prices. 
3- Seasonal food insecurity: is a recurring pattern of insufficient food accessibility or 
availability.  
Food insecurity measurements and indicators 
There are five commonly used methods to measure food insecurity in national surveys:  
1) The Food and Agriculture Organization (FAO) method 
2) Household income and expenditure surveys 
3) Individual’s dietary intake 
4) Anthropometry measures 
5) Experience-based food insecurity measurement scales 
The Food and Agriculture Organization (FAO) method started in 1987. It estimates the per 
capita calorie intake at the country level. The information needed to use this index are the country’s 
population in a certain year, food balance sheets, energy intake coefficient of variation, and cut-
off point to assess the at-risk population. The main outcome indicator is the percentage with low 
energy (interpreted as inadequate).The major disadvantage is that it’s measured only on a country 
level on an annual basis, and diet quality is not taken into consideration (Pérez-Escamilla and 
Segall-Corrêa, 2008; Napoli, Muro and Mazziotta, 2011).   
Household income and expenditure surveys (HIES) interview household members to 
gather information about the amount of money they spend on food and the food consumed. It 
measures the average calories consumed per member per day. Input needed to use this index 
include: money spent on food and other needs, foods consumed and market value, reference time 
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period, and food composition tables to convert food expenditures and consumption into energy 
intake. The outcome indicators are caloric intake per capita per household, and dietary variety 
score. The main disadvantage is that it estimates food availability, however, it might not be 
consumed during the same time period; which creates periodicity bias. Also, it’s difficult to 
estimate the amount of food accurately, specially that which is consumed outside households. 
(Pérez-Escamilla and Segall-Corrêa, 2008; Napoli, Muro and Mazziotta, 2011).  
Different methods are used to measure individual’s dietary intakes. It can be measured by 
24-hour recall, food frequency questionnaires (FFQ), or food records kept by individuals or by an 
observer. Inputs needed to use this method include: food consumed, food composition tables, 
known nutrient requirements, and reference time period. The main outcome indicators include: 
individual’s food group intake counts, and nutrient intake. These indices have several advantages 
as they measure actual food consumption, can assess short, medium or long term food intake, deal 
with both dietary quality and quantity, and identify at risk households and individuals. However, 
some methods are subjected to recall bias, high intra-subject variability in food and nutrient 
intakes, and portion size assessment can be difficult (Pérez-Escamilla and Segall-Corrêa, 2008; 
Napoli, Muro and Mazziotta, 2011). 
 Anthropometric indicators are used widely in national level survey. They are calculated 
using weight and height (or length). Every year, UNICEF publishes anthropometric data in the 
State of the World’s Children report for every country in the world to enable global assessment of 
the scale of hunger. The main outcome measure is the percentage of malnourished individuals, 
through body weight and height measurements. This method is highly standardized since the 
interpretation is based on well-established cut-off points (Pérez-Escamilla and Segall-Corrêa, 
2008; Napoli, Muro and Mazziotta, 2011). 
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Food insecurity experience-based measurement scales (the fundamental method) were 
founded in the early 1980’s by researchers from Cornell and Tufts Universities. They conducted  
qualitative research to understand the food insecurity experience among low-income women living 
in upstate New York (Anderson, 1990; Radimer, 2002). They developed a 10 item scale 
representing the conceptual and multidimensional nature of food insecurity which is used to 
classify the household and individuals as either food secure or as food insecure with or without 
hunger. In their research, they considered four dimensions: diet quantity, diet quality, 
psychological, and social factors. An algorithm was used to convert scale scores into food 
insecurity categories. 
Each method has its own pros and cons, hence they complete each other. All methods are 
indirect or derivative except the experience-based food insecurity measurement scales which is 
the only direct one (Napoli, Muro and Mazziotta, 2011). 
 In the 1990’s, the U.S. Household Food Security Survey Measure (HFSSM) was 
developed based on the Cornell scale of FI to be used in the Community Childhood Hunger 
Identification Project (CCHIP) (Food research and action center, 1995). The survey was first used 
nationally in 1995 and consists of an 18 item scale: 15 items and 3 sub-items covering a period of 
12 months. From the 18 items, 10 are explicit to adults’ experiences in the household, while 8 are 
explicit to experiences of children under the age of 18 years. Respondents are further classified 
into full, marginal, low, and very low household food security level according to the number of 
affirmative responses. Respondents with no affirmative responses are considered living in fully 
food secure households, marginal food security is having 1 or 2 affirmative responses, low food 
security are those with 3 to 7 affirmative responses (3 to 5 for households without children under 
the age of 18) and very low food security with 8 or more affirmative responses (6 to 8 for 
households without children under the age of 18). At this time, the National Health and Nutrition 
6 
 
Survey (NHANES) is using the HFSSM to classify households based on the severity of FI. 
(Radimer, Olson and Campbell, 1990; Campbell, 1991; Strohmenger and Brambilla, 2001; Pérez-
Escamilla and Segall-Corrêa, 2008; Napoli, Muro and Mazziotta, 2011; Jones et al., 2013; USDA, 
2017). 
There is a large body of literature investigating the effect of food insecurity on general 
health. However, a limited number of studies have examined the association with food insecurity 
and oral health. They found a significant adverse association between food insecurity and oral 
health; particularly extraction experiences, oral health related quality of life, pain at night, and 
dental care visits. However, in these studies oral health measures were self-reported; neither 
clinical examinations nor dietary evaluations performed (Radimer, 2002; Jamieson and Koopu, 
2006, 2007). Only two studies among Brazilian children and one among U.S. children diagnosed 
caries clinically (Chi et al., 2014; Frazão et al., 2014; Santin et al., 2016). However, these studies 
didn’t measure dietary quality and dental behaviors. To the best of our knowledge, the association 
between food insecurity, Supplemental Nutrition Assistance Program (SNAP) participation, and 
dental caries among adults has not been investigated yet. In addition, whether participating in the 
Supplemental Nutrition Assistance Program (SNAP) alter the relationship between food insecurity 
and dental caries relationship has not been studied yet.  
Therefore, the aim of this dissertation is to expand our knowledge about the relationship 
among food insecurity, food assistance programs, and dental caries. Our study objectives are as 
follows: 
1. Confirm the association between food insecurity and dental caries and investigate the 
mediating role of diet quality on this relationship among U.S. children. 
2. Examine the association between food insecurity and dental caries among U.S. adults.  
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3. Evaluate the impact of the Supplemental Nutrition Assistance Program (SNAP) 
participation on dental caries among U.S. adults. 
  
We are going to use the National Health and Nutrition Examination Survey (NHANES) data to be 




PAPER 1: FOOD INSECURITY AND DENTAL CARIES AMONG U.S. CHILDREN 
LITERETURE REVIEW 
Dental caries is a highly prevalent disease and it’s one of the most common chronic 
childhood diseases (Dye et al., 2007). The prevalence of dental caries among U.S. children was 
more than 43% in 2015-2016 (Fleming and Afful, 2018). Dental caries has physical and 
psychological effects on overall health as it affects children’s quality of life and leads to poor self-
esteem, impaired language development, and chewing and speaking difficulties. If left untreated, 
it can cause early teeth loss , pain and infection, thus increasing emergency room visits (Slade, 
1997; Colak et al., 2013). An emerging area of research suggests a possible association between 
food insecurity and dental caries due to the diet of food insecure individuals being rich in 
carbohydrate and cariogenic food.  
The impact of food insecurity on overall health 
Food insecurity is linked with chronic diseases and adverse health in children. Studies 
showed that food insufficiency is related to anxiety, psychosocial dysfunction, depressive 
disorders, iron deficiency anemia, absenteeism and poor academic performance among children 
(Kleinman et al., 1998; Michael Murphy et al., 1998; Alaimo, Olson and Frongillo, 2001, 2002; 
Eicher-Miller et al., 2009). 
Data from the Children’s Sentinel Nutrition Assessment Project (C-SNAP) showed that 
children living in food insecure households with hunger were two times more likely to report fair/ 
poor health status compared to food secure children (OR: 2.31; 95% CI: 1.89–2.82). Children who 
were food insecure, with or without hunger, were more likely to be hospitalized compared to food 
secure children (OR: 1.32; 95% CI: 1.15–1.52, OR: 1.29; 95% CI: 1.06–1.56 respectively) (Cook 
et al., 2004). 
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The impact of household food insecurity on children’s academic, social skills, and physical 
development has been investigated longitudinally using data from the Early Childhood 
Longitudinal Study-Kindergarten Cohort (ECLS-K). Kindergarten children from 1592 elementary 
schools were followed through grade 3. Food insecure female kindergarteners had significantly 
poorer academic performance in mathematics (β= −1.766, P= 0.017), lower body mass index 
(BMI), weight, and social skills (β= 0.428 kg/m2, P= 0.0022; β= 0.764 kg, P= 0.0024; and β= 0.09, 
P=0.0016 respectively). However, results were not significant for boys (Jyoti, Frongillo and Jones, 
2005).  
The ECLS-K data also evaluated the relationship between food insecurity and asthma. 
Cross sectional analysis on 3rd grade students showed that the odds of asthma were significantly 
doubled among food insecure poor children compared to food secure children (OR: 2.00; 95% CI: 
1.97-2.03) (Mangini et al., 2015).  
The association between food insecurity and being overweight is mixed. Kaiser et al. didn’t 
find a significant association among Mexican American children aged 3-6 years old (Kaiser et al., 
2002). Nevertheless, another study found that Hispanic fifth grade food insecure children had 
lower BMI than food secure children (Matheson et al., 2002). Cross sectional analysis of data from 
the Early Childhood Longitudinal Study-Kindergarten Cohort (ECLS-K) indicated that food 
insecurity was negatively associated with being overweight among schoolchildren. However, there 
was no difference longitudinally (Rose and Bodor, 2006). 
Food insecurity and diet quality 
Maintaining good nutrition is essential for overall health and disease prevention as it is 
important for metabolism and tissue integrity. The 2015-2020 Dietary Guidelines for Americans 
highlighted the importance of diet quality and emphasized adopting healthy eating patterns and 
choosing a healthy diet composed of various nutrients: low in fat, sugar, and sodium as well as 
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consuming a variety of vegetables, fruits, grains, dairy, proteins and oil within the recommended 
calorie level (U.S. Department of Agriculture, 2015). Healthy people 2020 goals aim to increase 
the consumption of various fruits, vegetables, whole grains and reduce the intake of solid fats and 
added sugars, as well as to decrease the prevalence of iron deficiency (Nutrition and Weight Status| 
Healthy People 2020).  
The association between FI and diet quality has been long recognized. Research finds that 
food insecure children were less likely to consume meats (Matheson et al., 2002), fruits 
(Kirkpatrick and Tarasuk, 2008; Dave et al., 2009; Widome et al., 2009), and fats (Dave et al., 
2009; Rosas et al., 2009; Sharkey et al., 2012). However, results were mixed in regards to 
vegetable intake (Kirkpatrick and Tarasuk, 2008; Dave et al., 2009; Widome et al., 2009),  sweet 
consumption (Matheson et al., 2002; Dave et al., 2009; Rosas et al., 2009; Sharkey et al., 2012), 
fiber consumption (Cristofar and Basiotis, 1992; Rosas et al., 2009; Sharkey et al., 2012), and 
calcium intake (Cristofar and Basiotis, 1992; Rose and Oliveira, 1997; Rosas et al., 2009; Widome 
et al., 2009; Eicher-Miller et al., 2011). No significant association was found with grains 
consumption (Matheson et al., 2002; Eicher-Miller et al., 2009; Rosas et al., 2009). Similarly, 
food insecure adolescents consumed fewer fruits and vegetables, but more sugar sweetened 
beverages (SSB) (Cunningham et al., 2012).   
A review of the literature concluded that the association between FI and diet quality was 
less consistent among children than in adults specially with dairy products. Sufficient evidence 
documented a significant adverse association between FI and lower intake of fruits, however, a 
limited number of studies yielded significant associations with other food items and nutrients such 




Diet, nutrition and oral health 
Both diet and nutrition are essential for oral health as they have a dynamic and synergistic 
relationship with oral health. Diet is an individual’s daily consumption of food and beverages, 
whereas, nutrition is the variety of nutrients consumed in order to be adequately nourished. Both 
are considered as main risk factors that play roles in the etiology of dental diseases (US Department 
of Health and Human Services. US Public Health and Service, 2000; Fisher-Owens et al., 2007). 
Diet has a local effect on the oral cavity such as the tooth integrity, pH of the saliva, and plaque 
structure. Nutrition has a systemic effect that extends to the periodontium, alveolar bone and 
alveolar mucosa (Touger-Decker and van Loveren, 2003; Gupta et al., 2013).  
National data analyses revealed that high risk of severe early childhood caries (ECC) was 
significantly associated with low Healthy Eating Index scores (HEI-2005) among children aged 2 
to 5 years, which is an index that consists of 12 components used to indicate compliance with U.S. 
dietary guidelines (P= 0.044 for continuous HEI, P= 0.012 for HEI in tertiles). Moreover, children 
with increased intake scores for fruit, dairy products, and cholesterol were less likely to have ECC 
(Nunn et al., 2009). Studies revealed that the process of forming dental plaque and acids released 
by acidogenic bacteria are inhibited by polyphenols (tannins) in fruit beverages (Kashket et al., 
1985; Touger-Decker and van Loveren, 2003).  
Strong evidence showed that sugar (added or natural) plays a major role in the etiology of 
dental caries. Acidogenic bacteria, primarily Mutans streptococci, converts sugars and other 
fermentable carbohydrates into acids that dissolve enamel and dentin causing tooth 
demineralization or tooth decay. Warren et al. conducted a longitudinal study to determine the risk 
factors for dental caries among children living in rural Iowa. Results showed that SSB was a 
significant risk factor for early childhood caries at the 18 months’ follow-up (Incidence density 
ratio IDR=3.44, P= 0.0001) (Warren et al., 2009). Another longitudinal study found that 
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consumption of SSB more than 3 times per week during late infancy (10-12 months) was 
significantly associated with having dental caries at age 6 (OR: 1.83, 95% CI: 1.14, 2.92) (Park et 
al., 2015).  
Conversely,  milk may prevent caries due to its buffering effect as it inhibits the formation 
of acids from the fermentable carbohydrates (Park and Jang, 2017). Data from the Iowa Fluoride 
Study showed that greater consumption of milk had significant inverse association with dental 
caries (OR: 0.91, 95% CI: 0.84-0.98) (Chankanka et al., 2015). 
The impact of food insecurity on oral health 
The deleterious effect of food insecurity is not limited only to general health, as it’s been 
shown to affect oral health as well. Food insecurity impacting the burden of oral diseases has been 
reported in several cross sectional studies, which found that individuals experiencing food 
insecurity had poor oral health. However, very few studies were conducted in the U.S. 
In Brazil, food insecure schoolchildren aged 7-9 years had significantly higher odds of 
dental caries than food secure children (OR: 1.5, P= 0.021). The study also found a significant 
dose response relationship between FI and caries (Frazão et al., 2014). Another cross sectional 
study indicated that food insecure schoolchildren in the lowest income strata had significantly 
higher prevalence of untreated caries compared to food secure children in the same strata (PR= 
1.51, 95% CI: 1.01-2.29). The association was not significant in the higher income strata (Santin 
et al., 2016). In New Zealand, cross sectional studies found that food insecure children aged 5-14 
years had limited dental care utilization, higher self-reported experience of dental pain at night, 
and more extractions (bivariate analysis, p < 0.05) (Jamieson and Koopu, 2006, 2007). 
 Chi et al. evaluated the association between socioeconomic status (SES), food insecurity 
and untreated dental caries among children and adolescents aged 5 to 17 years. Data was obtained 
from NHANES, cycles 2007-2008. Results indicated that children from low food secure 
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households had double the odds of having untreated caries compared to fully food secure children 
(P= 0.03). In addition, children from very low food secure households had 1.70 time the odds of 
having untreated caries (P= 0.049). However, there was no significant difference between fully 
and marginally food secure children in caries prevalence (P= 0.17) (Chi et al., 2014).  
One pilot study didn’t find an association between FI and ECC among children aged 2-4 
years. Results indicated that food secure children had 1.27 times the odd of having untreated caries 
compared to food insecure children, however, this was not statistically significant (P= 0.6). A 
major limitation of this study is the small sample size (n= 94), especially for those without ECC 
(n=19) (Bartkowski et al., 2014). 
Prior research has investigated the effect of food insecurity on children’s oral health. 
However, no study has explored the potential mediating role of diet quality on the food insecurity-
oral health relationship. Therefore, the aim of this study was to investigate the mediating role of 
diet quality on this relationship among U.S. children. We hypothesize that the association of food 
insecurity with caries is mediated by diet quality among children. In other words, food insecure 
children are more likely to have dental caries compared to food secure children due to poor diet 
quality.  
Our study aims to address the following research question: 
 Does diet quality mediate the association between food insecurity and dental caries 








Data was obtained from the National Health and Nutrition Examination Survey 
(NHANES) cycles 2011-2012 and 2013-2014. Every 2 years, NHANES provides health statistics 
of a nationally representative sample of U.S. children and adults residing in the 50 states and the 
District of Columbia. They collect a wide variety of measurements through interviews, 
examinations and laboratory tests (NHANES, 2017). Sampling design is composed of stratified, 
clustered samples of the noninstitutionalized civilian population. (NHANES | Survey Methods and 
Analytic Guidelines, 2017). 
Study population 
 The study population included children aged 5 to 17 years who completed the food 
security questionnaire, dietary survey, dental examination, and have at least 2 teeth. 
Dental caries measurement 
Oral examinations are conducted by calibrated licensed dentists. They use mirrors, 
explorer, light for illumination, and gauze to remove tooth debris. They use diagnostic criteria 
for dental caries by Radike et al. Caries is identified if there is softness of the area and/or opacity 
adjacent to the area or white spots in smooth areas. In our analysis, we used decayed teeth index 
(DT) to measure untreated caries. 
Dietary assessment 
The dietary interviews are conducted by trained interviewers using the NHANES 
computer-assisted dietary interview (CADI) system, which is a standardized automated system. 
Diet quality is measured using the Healthy Eating Index (HEI-2015). It is a valid and reliable tool 
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developed by the U.S. Department of Agriculture to assess the adherence of an individual’s diet 
to the recommendation of the Dietary Guidelines for Americans which is updated every five years 
by the U.S. Department of Agriculture and U.S. Department of Health and Human Services. HEI-
2015 is composed of 13 components: nine adequacy components and four moderation 
components. The nine adequacy components are total fruits, whole fruits, total vegetables, greens 
and beans, whole grains, diary, total protein foods, seafood and plant proteins, and fatty acid ratio. 
The moderation components are refined grains, sodium, saturated fats and added sugars. Higher 
intake of adequacy components results in higher scores, while lower intake of moderation 
components results in higher scores (reverse scoring). The maximum score of each component is 
5 or 10 points. The total maximum HEI score is 100 points. Higher total score indicates high diet 
quality (NIH, 2018). 
The HEI scores was derived from first day dietary recall data from the child’s parent or 
caregiver. 
Covariates 
 Age was categorized into 4-year range groups: 5-8, 9-11, and 12-17.  
 Gender: male or female. 
 Race/ ethnicity was categorized into White, Black, Hispanic, and Others. 
 Annual family income: < $20,000 or ≥ $20,000. 
 Household size. 
 Household Women, Infants, and Children (WIC) participation: yes/ no. 
 Household SNAP participation: yes/ no. 
 Dental care visits in the past year: yes/ no. 




Decayed teeth index (DT) was used to measure untreated caries. The outcome was 
categorized into any untreated caries vs. no untreated caries. 
Independent variable  
The main outcome was food security status: 
1. Overall food security was categorized into either food secure (full food security) or food 
insecure (marginal, low and very low food security). 
2. Household-level food security which is measured using the Household Food Security 
Survey Measure (HFSSM) that consists of an 18 item scale (Bickel et al., 2000). 
Respondents are classified into full, marginal, low, or very low household food security 
levels according to the number of affirmative responses. Respondents with no affirmative 
responses are considered to live in fully food secure households. Respondents with 
marginal food security are those with 1 or 2 affirmative responses, low food security are 
those with 3 to 7 affirmative responses (3 to 5 for households without children under the 
age of 18), and very low food security are those with 8 or more affirmative responses (6 
to 8 for households without children under the age of 18) (NHANES, 2011-2012).  
Mediator 
Overall diet quality was measured by HEI-2015 as a continuous variable. The total 
maximum score is 100. 
In order to test the mediation effect of diet quality the following criteria must be met: (Baron and  
Kenny, 1986).  
1- Food insecurity is significantly associated with diet quality 
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2- Diet quality is significantly associated with dental caries 
3- Food insecurity is significantly associated with dental caries 
Statistical analysis 
All statistical analysis was conducted using SAS Software version 9.4 and survey 
procedures to account for complex sampling design  (SAS Institute Inc., Cary, NC, USA). Sample 
weights were used to generate results on a national level. Significance level was set at p-value < 
0.05. Descriptive statistics such as frequency and mean were reported for categorical and 
continuous variables, respectively. Bivariate analysis was done to know the demographic 
characteristics of the population in each of the household-level food security group. Logistic 
regression analysis, controlling for potential confounding variables, was used to predict dental 
caries from overall and household-level food security and diet quality. Classical mediation 
methods (Baron & Kenny, 1986) was used to examine the association between food insecurity and 










The total sample size was 4,822 children aged 5-17 years. Half of the children were males 
(50.8%) and more than half were whites (53.3%). About 83% were living in families with annual 
family income ≥ $20,000. 
Mean household size was 4.5 individuals (SD 0.03). About two thirds of the children were 
living in full food secure families (66.2%) while 12.3% had marginal household-level food 
security (HFS), 14.4% had low HFS, and 7.1% had very low HFS. Most of the households did not 
participate in WIC or SNAP in the past 12 months (87.1% and 71.1% respectively). The majority 
of children had a dental visit last year (85.2%) and about 83% of children did not have any tooth 
decay (Table 1.1).  
 The prevalence of whites was highest among those with full food security (61.35%) 
(P<.0001). We observed a decreased trend in annual family income of more than $20,000 as the 
severity of food insecurity increased (P<.0001). Households with low and very low food insecurity 
had the highest mean household size (4.79 ± 0.07 and 4.79 ± 0.12 respectively, P<.0001). 
Households participating in WIC and SNAP in the past 12 months were highest among those with 
very low food security status (26.6% and 61.7% respectively, P<.0001).   
There was a decreased trend in dental care visits in the past year as the severity of food 
insecurity increased (P<.0001). The prevalence of dental caries was lowest among children living 
in full food secure households (13.9%), and highest among children living in very low food secure 







Bivariate analysis showed that food secure households had slightly better total Healthy 
Eating Index scores (HEI-2015) than food insecure families (47.45 ± 0.4 vs. 46.56 ± 0.5) (P=0.09).  
Mean scores of whole fruits consumption were significantly higher among food secure 
households compared to food insecure households (2.27 ± 0.08 vs. 1.97 ± 0.09) (P=0.01). Also, 
food secure households had higher mean scores of seafood & plant proteins compared to food 
insecure households (1.75 ± 0.06 vs. 1.56 ± 0.06) (P=0.008) (Table 1.3). 
Since our results revealed that diet quality was not significantly associated with dental 
caries (P= 0.07), the second criteria of the Barron and Kenny mediation was not met, so we 
couldn’t perform mediation analysis to study the role of diet quality in the food insecurity and 
dental caries pathway. 
Food insecurity and dental caries 
We detected a significant association between overall food security and dental caries after 
adjusting for age, sex, race, annual family income, SNAP participation, WIC participation, 
household size, dental visits, and total number of teeth. 
Children living in food insecure households had 1.38 times of having dental caries 
compared to children living in fully food secure households (CI: 1.11-1.72) (Table 1.4).  
Further analysis by extent of food insecurity revealed that children from marginal food 
security households had 1.48 times the odds of having dental caries while those from very low 
food security households had 1.59 times the odds of having dental caries compared to children 
from fully food secure households (CI: 1.10-2.01 and 1.12-2.26 respectively). However, the 
association was not significant for children living in low food secure households (OR 1.20; CI: 




Characteristics Full sample 
(n=4,822) 

























Annual Family income 
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Mean household size 4.5 ± 0.03 
Household-level food security 
 Full food security 
 Marginal food security 
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Mean total number of teeth 24.55 ± 0.13 
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 No  361 (11.73) 141 (19.33) 194 (21.85) 95 (23.28)  
Mean total number of 
teeth 
24.57 ± 0.16 24.46 ± 0.23 24.57 ± 0.21 24.32 ± 0.28 <.0001 
Decayed teeth (DT) 

















Table 1.2: Bivariate analysis showing characteristics by household-level food security category (weighted %). 





Dietary component (maximum score) Fully food secure 
(n=2,787) 
 




Mean ± SD 
P value 
Adequacy components 
Total fruits (5) 2.39 ± 0.08 2.20 ± 0.09 0.1 
Whole fruits (5) 2.27 ± 0.08 1.97 ± 0.09 0.01* 
Total vegetables (5) 2.12 ± 0.05 2.13 ± 0.06 0.9 
Greens & beans (5) 0.96 ± 0.05 1.01 ± 0.05 0.4 
Whole grains (10) 2.57 ± 0.11 2.36 ± 0.08 0.1 
Dairy (10) 6.87 ± 0.11 6.82 ± 0.16 0.7 
Total protein foods (5) 3.66 ± 0.06 3.53 ± 0.06 0.1 
Seafood & plant proteins (5) 1.75 ± 0.06 1.56 ± 0.06 0.008* 
Fatty acids (10) 4.12 ± 0.16 4.01 ± 0.11 0.5 
Moderation components 
Refined grains (10) 4.99 ± 0.12 4.74 ± 0.11 0.1 
Sodium (10) 4.75 ±  0.12 4.85 ± 0.15 0.6 
Saturated fats (10) 5.57 ± 0.08 5.78 ± 0.14 0.2 
Added sugars (10) 5.53 ± 0.12 5.48 ± 0.15 0.8 
Total score (100) 47.45 ± 0.43 46.56 ± 0.45 0.09 
Table 1.3: Diet quality of U.S. children by food security status, as measured by Healthy Eating Index-
2015.  





Characteristics Untreated caries 
OR  95% CI 
Food security status 
 Fully food secure 







Table 1.4: Logistic regression analysis predicting dental caries from food security status (food 
secure vs. food insecure). 
Controlled for age, sex, race, annual family income, household SNAP participation, household 
WIC participation, household size, dental visits, and total number of teeth.  




Characteristics Untreated caries 
OR  95% CI 
Household-level food security 
 Full food security 
 Marginal food security 
 Low food security 











Table 1.5: Logistic regression analysis predicting dental caries from household-level food security. 
Controlled for age, sex, race, annual family income, household SNAP participation, household 
WIC participation, household size, dental visits, and total number of teeth.  






Earlier evidence revealed the link between food insecurity and adverse health effects 
among children (Kleinman et al., 1998; Michael Murphy et al., 1998; Alaimo, Olson and 
Frongillo, 2001, 2002; Eicher-Miller et al., 2009). Given the growing area of research on the 
impact of food insecurity on chronic diseases and wellbeing, the relationship between food 
insecurity and oral health is still far from clear. This study confirmed the association between food 
insecurity and untreated dental caries among U.S. children aged 5 to 17 years using a nationally 
representative sample.  
The Healthy People 2020 initiative has set a goal to improve food insecurity and to reduce 
the proportion of very low food secure households with children. Based on their 2008 analyses of 
the U.S. Census Bureau and Department of Agriculture, Economic Research Service (Census and 
USDA/ERS), the baseline of very low food secure household was 1.3%. The aim is to reduce it to 
0.2% (Nutrition and Weight Status | Healthy People 2020). Our sample from NHANES indicated 
that 7% of U.S. children are living in very low food secure households, which reveals a high 
prevalence of very low food secure households with children compared to the national target.  
Our main findings suggest that food insecure children had 1.38 times higher odds of having 
untreated dental caries compared to fully food secure children after adjusting for potential 
confounders. A possible reason for this finding could be due to the fact that food insecurity is 
related to social inequalities and poverty which are considered risk factors of dental caries (Boyce 
et al., 2010; Santin et al., 2016). Other explanations could be due to the fewer choices of affordable 
healthy food, restricted options and limited access to grocery stores in poor neighborhoods, high 
consumption of sweets, sugar sweetened beverage, or high energy and poor nutrient food that are 
more accessible in lower cost (Mobley et al., 2009). In addition, researchers found that children 
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tend to develop strategies that mimic parental strategies to cope with food insecurity such as eating 
less food to manage food scarcity (Stella Fram et al., 2011).  
Our results are in line with previous a study of Brazilian children aged 7 to 9 years old. 
They found that food insecure children had 1.5 times higher odds of having untreated dental caries 
compared to fully food secure children (Frazão et al., 2014). Also, our results are in agreement 
with findings from another study of 12 years old Brazilian schoolchildren. They found that food 
insecure schoolchildren in low income strata had higher prevalence of untreated caries compared 
to fully food secure schoolchildren in the same strata (Santin et al., 2016). 
Moreover, our results suggest a significant association between food insecurity and 
untreated caries for children living in marginal and very low food security households compared 
to children living in fully food secure households. However, the association was not significant 
for children living in low food secure households. Our finding is somewhat consistent with a 
previous study by Chi et al. who found that children from low and very low food insecure 
households had significantly higher prevalence of untreated dental caries compared to fully food 
secure children. However, they didn’t find a significant association for children from marginal 
food secure households (Chi et al., 2014). This variation could be due to the difference in study 
design. In our study, we included more confounding variables.  
Our analyses did not detect a significant association between diet quality and dental caries. 
Thus¸ we were unable to investigate the role of diet quality as a mediator in the food insecurity-
dental caries relationship. This result is inconsistent with findings from earlier work using a 
national data on U.S. children aged 2 to 5 years. They reported a significant adverse association 
between Healthy Eating Index-2005 scores and early childhood caries (Nunn et al., 2009). This 




 Bivariate results showed no difference in total Healthy Eating Index-2015 score between 
fully food secure and food insecure children. This finding is consistent with a previous systematic 
review where some studies failed to show a significant adverse association between food insecurity 
and diet quality among children (Hanson and Connor, 2014). A plausible explanation for this 
finding could be due to the fact that parents often protect their children from poor diet quality 
(Hanson and Connor, 2014). Another reason could be that children may have other sources of 
nutritious food such as school breakfast or school lunch programs. Bhattacharya et al. reported 
that poor nutrition is a consequence of poverty among adults but not schoolchildren (Bhattacharya, 
Currie and Haider, 2004) 
This study has some limitations. It is a cross sectional study, which precludes examining a 
cause and effect relationship. Therefore, additional longitudinal studies are needed to provide 
better evidence of the relationship between food insecurity and dental caries among children. 
Another limitation of this study includes the use of the 24-hour recall dietary assessment which 
doesn’t capture the whole diet for an individual and may not represent the long term diet (Mertz 
et al., 1991; Johansson et al., 2001).  In addition, some questions were self-reported, which may 
lead to recall bias. 
Despite the limitations of the study, our findings confirmed the association between food 
insecurity and dental caries using a population-based sample. Our findings, together with findings 
from previous studies, highlight the importance of food security because limited accessibility to 
adequate and nutritious food has serious consequences on overall health and oral health as well. 
Future cross sectional and prospective cohort studies are needed to confirm this finding and to 
explore other possible behavioral mediators in order to understand the underlying mechanism 





Children from food insecure household had a higher prevalence ratio of untreated caries 
compared to children from full food secure households. This finding indicated the necessity of 










PAPER 2: FOOD INSECURITY AND DENTAL CARIES AMONG U.S. ADULTS 
LITERETURE REVIEW 
Dental caries is the most common oral infectious disease. In spite of efforts to reduce its 
prevalence, it remains a public health problem (Touger-Decker and van Loveren, 2003). More 
than one in four U.S. adults have untreated dental caries (Dye BA et al., 2015). Potential risk 
factors that play roles in caries development include: behavioral, cultural and social factors. The 
impact of dietary habits, and diet quality on oral health have been broadly studied, however 
research on food insecurity is limited (Santin et al., 2014).   
The impact of food insecurity on overall health 
Food and food security are considered to be basic human rights. Maslow’s hierarchy of 
need categorized food into the base of the pyramid along with water and breathing; all of which 
are required for survival (Maslow, 1970). Evidence indicates that food insecurity is associated 
with chronic diseases and poor general health in adults. Food insecurity is related to heart disease, 
diabetes, poor mental and physical health,  and fair to poor self-rated overall health (Nelson et al., 
2001; Vozoris and Tarasuk, 2003; Stuff et al., 2004). 
Seligman et al. found that food insecurity was significantly associated with self-reported 
hypertension and hyperlipidemia (adjusted relative risk (ARR)=1.20; 95% CI: 1.04–1.38) (ARR= 
1.30; 95% CI: 1.09–1.55) respectively. Food insecurity was significantly associated with clinical 
examination of hypertension (ARR=1.21; 95% CI: 1.04–1.41) (Seligman, Laraia and Kushel, 
2010). Another study revealed that adults in marginal and very low food secure households had 
higher probabilities of metabolic syndrome compared to those living in full secure households 
(Parker et al., 2010).  
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Conflicting results were reported about the association between food insecurity and 
obesity. Leung et al. studied the relationship of food insecurity and obesity stratified by gender 
and race/ ethnicity from a sample obtained from the California Health Interview Surveys (cycles 
2003-2009). Results showed that very low food insecurity was significantly associated with 
obesity among low-income Hispanic men and women, and multi-racial men after controlling for 
potential confounders (Leung, Williams and Villamor, 2012). Likewise, Martin et al. found that 
food insecure adults had significantly double the odds of obesity relative to food secure adults 
(OR: 2.45, P= 0.02) (Martin and Ferris, 2007). However,  data from the B’More Healthy 
Communities for Kids (BHCK) showed high prevalence of obesity among caregivers, but there 
was no difference between food security groups (Vedovato et al., 2016). Kaiser et al. used several 
different FI instruments with a convenience sample of Latino women in California. Using the 10 
item adult scale, food insecurity was significantly associated with obesity (OR: 1.98; 95% CI: 
1.14-3.53). However, other instruments such as current food insufficiency and the 18 item scale 
were not significantly associated with obesity, though, it showed similar trend (Kaiser et al., 2004).   
 
Food insecurity and diet quality 
Mounting evidence suggested that dietary guidelines adherence prevents major chronic 
diseases, and is essential to maintain good overall health. Nutrient deficiencies may lead to 
infectious and chronic diseases such as obesity, diabetes, cardiovascular disease, depression, 
osteoporosis, and oral diseases (Touger-Decker and van Loveren, 2003; Hung et al., 2004; Holick, 
2008; Hewison, 2012; Khazrai, Defeudis and Pozzilli, 2014; WHO, 2014).  
 A review of the literature concluded that food insecurity was negatively associated with 
diet quality among adults (Hanson and Connor, 2014) as they had lower consumption of fruits, 
vegetables (Kendall, Olson and Frongillo, 1995, 1996; Dixon, Winkleby and Radimer, 2001), and 
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dairy products (Cristofar and Basiotis, 1992; Dixon, Winkleby and Radimer, 2001). In addition, 
the food insecure population had lower intake of vitamins A and B-6, calcium, magnesium, and 
zinc (Cristofar and Basiotis, 1992; Rose and Oliveira, 1997; Dixon, Winkleby and Radimer, 2001; 
Champagne et al., 2007).  
 
Diet, nutrition and oral health 
 Oral health is related to diet and nutrition as they play key roles in the demineralization 
and re-mineralization of teeth. Diet is one of the main etiological factors of dental caries. Acids 
produced from metabolized carbohydrates dissolve teeth and cause dental caries. Nutrition also 
influences periodontium health and the integrity of alveolar bone and the oral mucosa (Touger-
Decker and van Loveren, 2003; Garcia et al., 2011; Najeeb et al., 2016).  
A prospective cohort study evaluated the association for diet quality on root caries 
increment among men aged 47 to 90 years. The sample was obtained from the U.S. Department 
of Veterans Affairs (VA) Dental Longitudinal Study (DLS) in greater Boston, Massachusetts. Diet 
quality was measured using Dietary Approaches to Stop Hypertension (DASH) diet guidelines. 
After controlling for potential confounders, higher DASH scores were significantly associated 
with lower adjusted root caries increments (P= 0.03). A positive linear association was seen 
between adjusted root caries increments and the consumption of SSB, however, the association 
was not statistically significant (Kaye et al., 2015).   
 Another study evaluated the association between diet patterns and coronal caries among 
low income African American adults living in Detroit, Michigan. The food frequency 
questionnaire was used to record participants’ diet pattern. By using factor analysis, results 
indicated that none of the food groups were significantly associated with dental caries. However, 
only consumption of SSB was significantly associated with increased caries prevalence. A 
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limitation of this study is the restricted sample that was composed of low income African-
American adults, hence generalizability of the results is limited (Burt et al., 2006).  
Alshouibi et al. found that vitamin D intake was significantly associated with periodontitis 
among older men. Men with total vitamin D intake ≥ 800 IU/day were less likely to have severe 
periodontitis compared to those with < 400 IU/day intake of vitamin D (OR: 0.67; 95% CI: 0.55-
0.81). (Alshouibi et al., 2013). Nishida et al. confirmed a dose response relationship between 
vitamin C and periodontitis. They concluded that reduced vitamin C intake was significantly 
associated with periodontitis in current and former smokers (OR: 1.19; 95% CI: 1.05-1.33) 
(Nishida et al., 2000).  
The impact of food insecurity on oral health 
Very few studies have investigated the effect of food insecurity on oral health among 
adults. A cross sectional study analyzed the 2008 U.S. Health and Retirement Study (HRS) data 
to evaluate the association between financial hardship and self-reported oral health among older 
U.S. adults. The results showed that food insecurity was significantly associated with poor self-
reported oral health (prevalence ratio (PR)= 1.12, 95% CI: 1.04-1.21) (Chi and Tucker-Seeley, 
2013).  
Muirhead et al. found that food insecurity was significantly associated with poor self-
reported oral health status in poor working-class Canadians. Food insecure individuals had double 
the odds of being denture wearers (P < 0.002) and having dental pain in the past month (OR: 1.94; 
P= 0.003). They also had triple the odds of poor/ very poor self‐reported oral health compared to 
food secure individuals (P < 0.001) (Muirhead et al., 2009) .  
To the best of our knowledge, published studies have only examined the association 
between food insecurity and self-reported oral health measures. No study has measured dental 
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caries clinically. Therefore, our aim is to determine whether food insecurity is associated with 
dental caries among U.S. adults. We hypothesize that food insecure adults are more likely to have 
untreated dental caries compared to food secure adults. 
Our study aims to address the following research question: 
 Is there an association between food insecurity and dental caries among U.S. adults? Or 







Data was obtained from the National Health and Nutrition Examination Survey 
(NHANES) cycles 2011-2012 and 2013-2014.  
Study population 
The study population included adults aged 18 years and older who completed the food 
security questionnaire, dental examination, and have at least 2 teeth (excluding the third molars). 
Covariates 
 Age was categorized into: 18 to 29, 30 to 39, 40 to 49, 50 to 59, 60-69, 70-79, and 80+ 
years. 
 Gender: male or female. 
 Race/ ethnicity was categorized into White, Black, Hispanic, and Others. 
 Marital status was categorized into single, married/ living with partner, and widowed/ 
divorced/ separated.  
 Education was categorized into ≤ high school, some college, and college degree or 
higher.  
 Annual family income: < $20,000 or ≥ $20,000. 
 
 Household size. 
 Household WIC Participation: yes/ no. 
 Household SNAP Participation: yes/ no. 





Decayed teeth index (DT) was used to measure untreated caries. The outcome was 
categorized into any untreated caries vs. no untreated caries. 
Independent variable 
The main outcome was food security status: 
1. Overall food security was categorized into either food secure (full food security) or food 
insecure (marginal, low and very low food security). 
2. Household-level food security which is measured using the Household Food Security 
Survey Measure (HFSSM) that consists of an 18 item scale (Bickel et al., 2000). 
Respondents are classified into full, marginal, low, or very low household food security 
levels according to the number of affirmative responses. Respondents with no affirmative 
responses are considered to live in fully food secure households. Respondents with 
marginal food security are those with 1 or 2 affirmative responses, low food security are 
those with 3 to 7 affirmative responses (3 to 5 for households without children under the 
age of 18), and very low food security are those with 8 or more affirmative responses (6 
to 8 for households without children under the age of 18) (NHANES, 2011-2012).  
Statistical analysis 
All statistical analyses were conducted using SAS Software version 9.4 and survey 
procedures to account for complex sampling design  (SAS Institute Inc., Cary, NC, USA). Sample 
weights were used to be able to generate results on national level. Significance level was set at p-
value < 0.05. Descriptive statistics such as frequency and mean were reported for categorical and 
continuous variables, respectively. Bivariate analysis was done to know the demographic 
characteristics of the population in each of the household-level food security group. Multiple 
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logistic regression analysis, controlling for potential confounding variables, was used to predict 









Descriptive and bivariate statistics are summarized in Table 2.1 and Table 2.2. The study 
sample was comprised of 10,723 adults aged 18 to ≥ 80 years. About 51% were female, nearly 
two thirds of the sample were whites (66.5%) and 59% were married or living with partner. Mean 
household size was 2.87 (SD 0.04). The majority had an annual family income ≥ $20,000 (80.1%). 
Approximately 75% of the households had full food security while 10% had marginal, 9% had 
low, and 6% had very low food security. Around 11% of households participated in WIC and 17% 
participated in SNAP in the past year. Almost two thirds of adults had dental visit in the past 12 
months (61.4%) and 76% of adults did not have any tooth decay. (Table 2.1).  
Table 2.2 shows that full food secure households had the highest prevalence of whites 
(72.11%) (P<.0001). The frequency of widowed or divorced adults was the highest among 
households with very low food security (28%), however, the frequency of married/ living with a 
partner individuals was the highest among households with full food security (63.63%) (P<.0001).  
Families with full food security had the highest prevalence of adults with college degree or higher 
(37.6%), however, higher educational attainment was the lowest among families with very low 
food security (6.6%) (P<.0001). We observed a decreased trend in annual family income of more 
than $20,000 as the severity of food insecurity increased (P<.0001) The mean household size was 
lowest among those with full food security and very low food security (2.76 ± 0.04 and 2.74 ± 
0.14 respectively) (P<.0001). The highest proportion of WIC participation was among families 
with low food security (27.8%) (P<.0001). There was an increased trend in SNAP participation as 
the severity of food insecurity increased (P<.0001). Only 9% of fully food secure families 
participated in SNAP whereas 56% of very low food secure families participated in SNAP in the 
past 12 months (P<.0001).  
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The prevalence of dental visits in the past year decreased significantly as the severity food 
insecurity increased (P<.0001). About 19% of adults living in fully food secure households had at 
least one carious tooth. The prevalence of dental caries was 34% among adults with marginal, 40% 
with low, and 43% with very low food security (P<.0001) (Table 2.2).  
Food insecurity and dental caries 
 We detected a significant association between overall food insecurity and dental caries 
among adults. Food insecure adults had 1.35 times the odds of having dental caries compared to 
food secure adults (CI: 1.05-1.74) after adjusting for age, sex, race, education, marital status, 
annual family income, SNAP participation, WIC participation, household size, and dental visits 
(Table 2.3). 
Our analyses showed significant association between severity of household food insecurity 
and dental caries after adjusting for covariates (P=0.04). We observed a trend in the odds ratio of 
untreated caries among household-level food security. Adults from marginal and low food secure 
households had higher odds of having untreated caries compared to fully food secure households 
(OR: 1.30; CI: 0.91-1.87 and OR: 1.33; CI: 1.01-1.76 respectively). Adults with very low food 
security had 1.48 times the odds of having untreated caries compared to those with full food secure 
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Characteristics Untreated caries 
OR  95% CI 
Food security status 
 Fully food secure 







Table 2.3: Logistic regression predicting food security status (food secure vs. food insecure) 
effects on dental caries. 
Controlled for age, sex, race, education, marital status, annual family income, household SNAP 
participation, household WIC participation, household size, and dental visits.  





Characteristics Untreated caries 
OR 95% CI 
Household-level food security 
 Full food security 
 Marginal food security 
 Low food security 











Table 2.4: Logistic regression analysis predicting household-level food security status on dental 
caries. 
Controlled for age, sex, race, education, marital status, annual family income, household SNAP 
participation, household WIC participation, household size, and dental visits.  





The objective of the current study was to examine the association between food insecurity 
status and untreated dental caries among U.S. adults aged 18 to ≥ 80 years using a population 
based sample. Our main finding suggest that overall food security status was significantly 
associated with prevalence of untreated dental caries. Food insecure adults had 1.35 times higher 
odds of having untreated dental caries compared to fully food secure adults after adjusting for 
potential confounders. We also detected statistical significant difference in the prevalence of 
untreated dental caries when further examining the relationship utilizing severity of food insecurity 
(marginal, low and very low food security) (P=0.04).  
One of the Healthy People 2020 objectives is to reduce the prevalence of food insecure 
households. The collected data is derived every year from the U.S. Census Bureau and Department 
of Agriculture, Economic Research Service (Census and USDA/ERS). The 2008 baseline of food 
insecure households was 14.6%. Since the objective to reduce the percentage of food insecure 
households by 6% was not achieved by 2010, the aim remained unchanged for 2020. If this goal 
is achieved an additional 94% increase in the proportion of full food secure households would 
occur (Nutrition and Weight Status | Healthy People 2020). According to our findings from 
NHANES, the prevalence of households with full food security was about 75%, which remains 
below the 2020 target. 
 While prior research reports the harmful effect of food insecurity on overall health and its 
relationship with chronic diseases (Nelson et al., 2001; Vozoris and Tarasuk, 2003; Stuff et al., 
2004; Parker et al., 2010; Seligman, Laraia and Kushel, 2010), we couldn’t find prior studies to 
compare their findings with ours which utilize a clinical measurement (untreated decayed teeth) 
rather than self-reported oral health measures to measure the impact of food insecurity. Very few 
previous studies examined the association between food insecurity and self-reported oral health. 
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A cross sectional study analyzing the 2008 Health and Retirement Study suggests that food 
insecure individuals aged 50 to ≥ 75 years have significantly poor self-reported oral health (Chi 
and Tucker-Seeley, 2013). A Canadians cross sectional study of poor adults aged 18 to 64 years 
suggests higher prevalence ratio for being a denture wearer, having dental pain in the last month, 
and having poor/ very poor self-reported oral health among food insecure poor individuals 
compared to the fully food secure poor (Muirhead et al., 2009).  
There are several explanations for our findings. One explanation could be due to the fact 
that food insecure individuals are more likely to consume a poor quality diet. Food insecure U.S. 
adults consume less fruits, vegetables and dairy products compared to food secure individuals 
(Hanson and Connor, 2014), food insecure individuals also tend to consume high amounts of 
energy dense food and to adopt bad eating habits to cope with food deficiencies (Kendall, Olson 
and Frongillo, 1996). Earlier work reported the negative effect of poor diet quality on oral health 
(Brian A Burt et al., 2006; Zhu and Hollis, 2014; Kaye et al., 2015) 
There are a few limitations to this study. The study design is cross-sectional, which may 
be subject to temporal issues that interfere with causal interpretation. In addition, some of the 
measures are self-reported, which may lead to recall bias.  
Despite these limitations, our study sheds light on food insecurity as a potential risk factor 
for dental caries.  To the best of our knowledge, this is the first study that investigated the 
association between food insecurity and untreated dental caries among U.S. adults using a 
nationally representative sample. Food insecurity is an urgent priority that impacts the burden of 
oral disease. Public policies and interventions to improve access to affordable nutritious and 





Our results suggest that food insecure adults had significantly higher odds of untreated 
dental caries compared to fully food secure individuals, after adjusting for potential confounders. 
Additional cross-sectional and prospective cohort studies are needed to confirm this association 












PAPER 3: THE IMPACT OF THE SUPPLEMENTAL NUTRITION ASSITANCE 
PAROGRAM (SNAP) PARTICIPATION ON DENTAL CARIES 
LITERATURE REVIEW 
The Supplemental Nutrition Assistance Program (SNAP) (previously known as the Food 
Stamp Program) is the largest U.S. national intervention program which aims to improve food 
insecurity and provides access to food for those with limited money or resources. Participation in 
the program is voluntary. Certain requirements have to be met in order to receive SNAP benefits, 
depending on household size and both gross and net income (130% and 100% of the U.S. poverty 
level, respectively). SNAP participants use the electronic benefit transfer card to purchase food 
from authorized grocery stores and supermarkets. Benefits are loaded automatically each month 
(U.S. Department of Agriculture, 2018a). In 2017, more than 42 million persons participated in 
SNAP, with total costs exceeding $63 billion which corresponds to an average of $125.80 per 
person per month on food benefits (U.S. Department of Agriculture, 2018b). 
 The effect of SNAP participation on food insecurity has been described in the literature. 
Both cross sectional and longitudinal studies were conducted on a sample collected from 30 states 
to examine the effect of SNAP participation on food insecurity. Results showed that household 
SNAP participation reduced FI by 4.6 percentage points (PP), 5 PP for households with very low 
food security and 8.6 PP in households with children. Longitudinal analysis showed that after 6 
months of SNAP participation, FI was reduced by 10.6 percentage points (PP), 10.3 PP for 
households with very low food security, and 10.1 PP in households with children. Cross sectional 
analysis showed that SNAP improved FI in most households, except elderly households, 
households receiving lowest benefits, and households with income less than 100 % of the poverty 
level (Mabli et al., 2013).  
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A study using data from The Children’s HealthWatch survey found that SNAP 
participation was protective against household food insecurity and childhood food insecurity. 
SNAP participation significantly lowered the household’s food insecurity by 17%, and children’s 
food insecurity by 33% (adjusted odds ratio (AOR)= 0.83; 95% CI: 0.75-0.91) (AOR: 0.67; 95% 
CI: 0.60-0.74) respectively (Bovell et al., 2015).  
While the SNAP program aims to alleviate food insecurity and provide access to adequate 
food, emerging evidence documents the low dietary quality and poor nutrient intake among SNAP 
participants. A study analyzing data from NHANES 2007-2010 revealed that SNAP participants 
had lower total Healthy Eating Index 2005 scores (HEI-2005) than higher-income non participants 
and income-eligible non participants. SNAP participants had lower intake of vitamin A, calcium, 
and magnesium than higher-income non-participants. They also had higher consumption of soda 
and empty calories (added sugar, solid fat, and alcohols) than both groups (Condon et al., 2015). 
Another study analyzing data from NHANES 1999-2004 found that SNAP participants had 
significantly lower scores in 7 out of 12 components of HEI-2005 compared to higher income non 
participants (USDA, 2008). Nguyen et al. also found that adult SNAP participants had lower diet 
quality using the Healthy Eating Index 2010 score (HEI-2010) (Nguyen et al., 2014) 
Another study evaluating the association between SNAP participation and diet quality 
showed that low income adolescents who participated in SNAP in the past 12 months had 
significantly lower scores in the lower Alternate Healthy Eating Index–2010 (AHEI-2010) 
compared to non-participants with the same income (relative difference (RD)= 0.95, 95% CI: 0.91-
0.99), although there were no significant differences in some food groups (Leung et al., 2017).  
A systematic review of diet quality among SNAP participants revealed mixed results for 
the consumption of fruits, vegetables, grains, SSB, and energy intake between SNAP participants 
and income-eligible non participants. However, there was no difference found in the consumption 
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of fat, oil, sodium, milk, milk products, vitamin A, vitamin C, vitamin B12, sweets, or desserts 
(Andreyeva et al., 2015).  
The impact of SNAP participation on overall health has been studied. Adolescents using 
SNAP had significantly higher BMI, and some cardio-metabolic risk factors compared to high 
income non-participants and income eligible non-participants (Condon et al., 2015). Similarly, 
other studies showed that adult income-eligible SNAP participants had greater prevalence of 
obesity and BMI (Webb et al., 2008; Leung et al., 2017).  
In Massachusetts, low income residents on SNAP had higher BMI independent of food 
security status. However, this association was not significant after controlling for 
sociodemographic factors. In addition, participants with longer periods (≥ 6 months) of SNAP 
participation had significantly lower BMI. The authors suggest that longer periods on SNAP 
exposed them to more of the dietary counseling sessions offered by the program or it could be due 
to continuing increased expenditures on healthier food (Webb et al., 2008).   
Data from the US Health and Retirement Study (HRS) on older adults revealed that food 
stamp participation was significantly associated with poor self-reported oral health when 
controlling for demographic characteristics only (PR= 1.45, 95% CI: 1.20, 1.76). However, the 
relationship was not significant when controlling for socioeconomic characteristics and functional 
limitations (Chi and Tucker-Seeley, 2013).  
Little is known about the effects of SNAP participation on oral health. Therefore, this study 
aims to expand our understanding about the impact of SNAP participation on dental caries among 
a representative sample of U.S. adults. Our objective is to examine whether there is an association 
between SNAP participation and dental caries among U.S. adults and to investigate whether SNAP 
participation changes the association between food insecurity and dental caries. We hypothesize 
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that SNAP participants are more likely to have untreated dental caries compared to non-SNAP 
participants.  
 
Our study aims to address the following research questions: 
1. Is there an association between SNAP participation and dental caries among U.S. adults? Or 
are SNAP participants more likely to have untreated dental caries compared to non-SNAP 
participants? 
 







We used data from the National Health and Nutrition Examination Survey (NHANES), 
cycles 2011-2012 and 2013-2014.  
Study population 
The study population included adults aged 18 years and older who completed the food 
security questionnaire, dental examination, and have at least 2 teeth (excluding the third molars). 
Covariates 
 Age was categorized to: 18-29, 30-39, 40-49, 50-59, 60-69, 70-79, and 80+ years. 
 Gender: male or female. 
 Race/ ethnicity was categorized into White, Black, Hispanic, and Others. 
 Marital status was categorized into single, married/ living with partner, and widowed/ 
divorced/ separated.  
 Education was categorized into ≤ high school, some college, and college degree or 
higher.  
 Poverty to income ratio (PIR): in order to control for residual confounding, we limited 
our sample low income people who are ≤ 200% federal poverty level (FPL). We chose to 
not limit it to ≤ 130% FPL to be able to include the marginal food security group. Thus, 
FPL was categorized to 0-50, 51-100, 101-130, 131-200 (Gundersen, Kreider and Pepper, 
2011; Coleman-Jensen et al. 2013). 
 Household size. 
 Food security status. 
 
 WIC participation: yes/ no. 
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 Dental care visits in the past year: yes/ no. 
Dependent variable 
Decayed teeth index (DT) was used to measure untreated caries. The outcome was 
categorized into any untreated caries vs. no untreated caries. 
Independent variable 
SNAP participation in the past year was categorized into yes or no. “In the last 12 
months, did {you/you or any member of your household} receive Food Stamp benefits?” 
Statistical analysis 
All statistical analysis was conducted using SAS Software version 9.4 and survey 
procedures to account for complex sampling design  (SAS Institute Inc., Cary, NC, USA). Sample 
weights were used to be able to generate results on a national level. Significance level was set at 
p-value < 0.05. Descriptive statistics such as frequency and mean were reported for categorical 
and continuous variables, respectively. Bivariate analysis was used to determine the characteristics 
of SNAP participants and non-SNAP participants. Multiple logistic regression analysis was used 
to predict the effects of SNAP participation on dental caries and to examine the interaction effect 









Characteristics of the study sample are provided in Table 3.1. Total sample size was 10,723 
adults aged 18 to ≥ 80 years. There were comparable proportions of males and females (48.7% 
and 51.2% respectively). Most of the participants were whites (66.4%), and more than half of the 
sample was married or living with a partner (59.1%).  The mean household size was 2.87 people 
(SD 0.04). About 81% had annual family income of ≥ $20,000. Almost 75% of adults were from 
fully food secure households. Ten percent were from marginal, 9% from low, and 6% from very 
low food secure households. In the past year, a small proportion of households participated in WIC 
or SNAP (11% and 17% respectively). About 61% of the sample visited the dentist in the past year 
(Table 3.1).  
Bivariate analyses are shown in Table 3.2. Individuals on SNAP were more likely to be 
younger than 40 years old (51.20%), female (54.80%), white (49.53%), and single (38.50%). Most 
of non-SNAP participants were married or living with a partner (63.8% vs. 35.3% for SNAP 
participants, P<.0001). About 60% of SNAP participants had only a high school degree or less 
compared to 31.2% for non-SNAP participants (P<.0001). Adults with at least a college degree 
had the lowest proportion of SNAP participation (7.3%). SNAP participants had higher mean 
household size than non-SNAP participants (3.40 ± 0.10 and 2.75 ± 0.22 respectively, P<.0001). 
SNAP participants were less likely to have a dental visit in the past year compared to non-
SNAP participants (42% and 66% respectively, P<.0001). The prevalence of dental caries was 
higher among SNAP participants compared to non-SNAP participants (41% and 20% respectively, 




SNAP participation and dental caries 
 We observed a significant association between SNAP participation and dental caries after 
controlling for potential confounders. SNAP participants had 1.5 times higher odds of having 
dental caries compared to non-SNAP participants (CI: 1.19-1.87) (Table 3.3).  
 Table 3.4 shows the interaction between SNAP participation and overall food security 
status (fully food secure vs. food insecure). The interaction was not statistically significant (P= 
0.10). However, among fully food secure households, those who participated in SNAP had 
significantly higher likelihood of having dental caries compared to non-SNAP participants (OR: 
1.51; CI: 1.10-2.07). Similarly, for food insecure households, SNAP participants had significantly 
higher odds of dental caries compared to non-SNAP participants (OR: 1.49; CI: 1.07-2.10).  
Table 3.5 shows the interaction between SNAP participation and severity of food 
insecurity. The interaction was not statistically significant (P= 0.9). However, SNAP participants 
from all levels of food security had higher odds of dental caries than non-SNAP participants after 
adjusting for potential confounders. SNAP participants from full and low food security household 
had significantly higher prevalence of caries compared to non-SNAP participants (OR: 1.51; CI: 
1.10-2.07 and OR: 1.65; CI: 1.12-2.41 respectively). SNAP participants from marginal and very 
low food secure household had also higher prevalence of caries compared to those who didn’t 
receive SNAP benefits, however, the association was not statistically significant (OR: 1.45; CI: 
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Mean household size 2.87 ± 0.04 
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Household-level food security 
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Mean household size 3.40 ± 0.10 2.75 ± 0.22 <.0001 
Dental care visits in the past year 
 Yes  











Decayed teeth (DT) 










Table 3.2: Bivariate analysis comparing low income adults by SNAP participation (weighted %). 








Characteristics Untreated caries 










Table 3.3: Logistic regression analysis predicting dental caries. 
Controlled for age, sex, race, education, marital status, PIR, household-level food security, 
household WIC participation, household size, and dental visits.  
*Indicates statistical significance, P value < 0.0 
 
 
Characteristics Untreated caries 
OR 95% CI 


















Table 3.4: Logistic regression analysis examining interaction effects of overall food security status 
on the dental caries and household SNAP participation relationship. 
Controlled for age, sex, race, education, marital status, PIR, household WIC participation, 
household size, and dental visits.  





Characteristics Untreated caries 
OR 95% CI 




































Table 3.5: Logistic regression analysis examining interaction effects of household-level food 
security on the dental caries and household SNAP participation relationship. 
Controlled for age, sex, race, education, marital status, PIR, household WIC participation, 
household size, and dental visits. 






The purpose of the present study was to examine the association between SNAP 
participation and untreated dental caries among U.S. adults aged 18 to ≥ 80 years. Our analyses 
using a national representative sample from NHANES revealed that adults who participated in 
SNAP in the past 12 months had 1.5 times higher odds of having untreated dental caries compared 
to adults who did not participate in SNAP, after controlling for potential confounders. Moreover, 
our findings suggest that regardless of food security status, those who participated in SNAP had 
significantly higher prevalence ratios of untreated caries compared to those who did not participate 
in SNAP. 
There are several explanations for our findings. SNAP is a large national nutritional 
assistance program that aims to alleviate food insecurity and provides food access to low income 
families. Eligible households can purchase food from authorized stores using the Electronic 
Benefit Transfer (EBT) card. The eligible food items include high sugar items such as candies, 
cookies, cakes, energy drinks and soft drinks (USDA, 2017). Earlier literature indicated that sugar 
is one of the main etiological factors of dental caries. Several studies showed strong relationship 
between sugar intake and dental caries, and the importance of reducing sugar consumption in order 
to prevent dental disease (Gustafsson et al., 1953; Sheiham, 2001; Brian A Burt et al., 2006).  
Previous research revealed that food insecure adults have lower diet quality and they tend to 
consume more added sugar and high calorie food than fully food secure adults (Nguyen et al., 
2015). Moreover, research shows that SNAP participation is associated with lower diet quality 
(Nguyen et al., 2014). Low income food insecure adults are more likely to purchase high energy 
dense food since it is less expensive and more resistant to inflation than low energy dense food 
such as fruits and vegetables (Maillot et al., 2007; Monsivais and Drewnowski, 2007; Bolarić and 
Šatalić, 2013). In addition, low income individuals living in neighborhoods with difficult 
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accessibility to affordable nutritious food prefer to purchase easily accessible low cost food 
primarily high sugar and high energy-dense food items (Coveney and O’Dwyer, 2009).   
One cross sectional study analyzing a sample from the 2008 Health and Retirement study 
on adults aged ≥ 50 years suggests that participation in a food stamp program was significantly 
associated with poor self-reported oral health, after controlling for demographic characteristics 
(OR:1.45), however, the association was not significant after controlling for socioeconomic 
characteristics and functional limitations. This could be due to different study design and age group 
(Chi and Tucker-Seeley, 2013). 
There is a national effort to help SNAP participants make healthy food choices and adopt 
healthy lifestyle. SNAP-ED program was published through a grant from the Nutrition Education 
and Obesity Prevention Grant Program that covers all States and Territories. It is optional for each 
state to tailor their approaches to how they deliver nutritional education and health promotion 
(Audrey Rowe, 2016). The SNAP-ED connection Web site (https://snaped.fns.usda.gov/) is a tool 
sponsored by the U.S. Department of Agriculture (USDA) Food and Nutrition Service (FNS) to 
educate participants on how to shop and prepare nutritious meals, healthy eating patterns, physical 
activity and other recommendations in order to reduce chronic diseases and help them live a 
healthier life (USDA, 2016).  
 This study has a few limitations. The cross sectional nature of the study design interferes 
with causal interpretation and temporal sequence determination. In addition, the outcome variable 
in our study was binary (yes or no), thus we were not able to investigate the severity level of caries. 
Also, some of the variables were self-reported which may lead to recall bias.  
Despite A growing body of research examining the effects of SNAP participation on other 
chronic diseases, to our best knowledge this is the first study that has investigated the association 
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between SNAP participation and untreated dental caries using a population based sample. Future 
cross-sectional and prospective cohort studies are needed to confirm this association and to 
examine the impact of participating in programs such as SNAP on oral health. Our findings 
indicate the necessity of informing stakeholders and policy makers to improve SNAP program, 
the amount of the SNAP benefit, as well as reconsidering the eligible food items for the lifelong 






SNAP participation in the past 12 months was significantly associated with higher odds of 
having untreated dental caries. The interaction between SNAP participation and food insecurity 
on untreated dental caries was not significant. However, it suggests that SNAP participants had 
higher likelihood of untreated dental caries compared to non-SNAP participants regardless of food 








Better understanding about the impact of food insecurity on oral health is important for several 
reasons.  
 Additional knowledge about the effect of food insecurity on oral health could determine the 
prevalence and degree of negative oral health outcomes associated with lack of consistent 
food accessibility.  
 Enhancing our knowledge about the association between food insecurity and oral health and 
exploring the mediators of this relationship are important in designing interventions to 
alleviate the harmful effect of food insecurity among this population.  
 Better understanding of the impact of food assistance programs on oral health will enable 
policy makers to measure the effectiveness of such programs in alleviating food deprivation 
as well as ensuring optimum overall health.  
 
STUDY STRENGHTS 
 Our paper is the first that investigated the association between food insecurity, SNAP 
participation and untreated dental caries among U.S. adults. 
 We analyzed the newest available NHANES datasets to be able to generalize it on the U.S. 
population. 
 In the first paper we are used the 24-hour recall dietary assessment which is a valid and reliable 
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